be analyzed with each set of ten samples in the exact same manner that the samples were analyzed. A minimum of one blank must be analyzed with each set of ten samples in the exact same manner that the samples were analyzed. If more than ten samples are analyzed in a set, at least two 226Ra bench standards (or controls) and two blanks, prepared as described in the DWI, must be analyzed with each set.
The bench standards and controls verify the response of 2z6Ra and its progeny; they are acceptable if they agree with the known value within two standard deviations. Blanks verify the absence of interfering radioactivity in the equipment and reagents; they are acceptable if they contain no activity except background quantities of natural radioactivity.
Precision and bias of the method is affected by the background in the energy window used for analysis. A method is provided for selection of the analytical window which minimizes the contribution of background to the measurement.
The samples are counted for 226Ra on either a Beckman Liquid Scintillation System, Model 6500, or a Wallac Instruments, Model 1411 DSA. These instruments are checked to verify proper performance with a 3H source whenever samples are to be counted. Discriminator settings minimize crossover of alpha particles into beta particle accumulations and vice versa. Additional discriminator settings minimize carryover of low energy photons into the region where photons from 22zRn and its progeny are recorded.
Method Performance
This method has been developed and evaluated utilizing intra-laboratory radium-226 controls prepared by dilution of NIST S R M 4965. It has also been evaluated utilizing blind water samples containing radium-226 and radium-228 sent out by Environmental Protection Agency, National Exposure Research Laboratory, Characterization Research Division, Las Vegas, NV, as part of their Uranium-Radium in Water Performance Evaluation Study whose results are routinely published. Concurrent determination of radium-228 on EPA samples are presented. These data for two analysts are reported in Table 1 and in Table 2 .
Based on barium-133 recoveries in these limited evaluations, yields have averaged 80%; the higher recovery in EPA samples is attributed to higher dissolved solids. Recoveries for laboratory blanks, trip blanks, and samples have been comparable to those obtained for controls. The precision of duplicate samples has been within 20 % . Although the data in Tables 1 and 2 are suggestive, they are insufficient data to support definitive global statements regarding accuracy, precision, and bias of the method. Laboratory coats should be worn when handling corrosives, carcinogens, or oxidizers. Laboratory aprons must be worn when pouring concentrated acids from containers greater than 1-L.
Plastic or rubber gloves must be worn when handling organics, corrosives and oxidizers. Neoprene gloves must be used when pouring concentrated acids from bottles larger than 1-L or when handling HF.
If an exposure to a strong acid occurs, rinse the affected area with water for at least 15 minutes. Notify supervision and contact Medical for treatment. Other safety precautions for hazardous chemicals handled in this procedure are described in Detailed Working Instruction SC-F "Chemical Handling, Storage and Labeling". A summary of applicable precautions for this detailed working instruction is as follows:
Hydrochloric acid: Handle solutions more concentrated than 4M HC1 in an exhaust hood or in a manner to avoid inhalation of HC1 vapors. The odor of HCl provides adequate warning for a prompt voluntary withdrawal from excessive exposure. Contact with skin results in a burning sensation at the location of the contact.
Sodium carbonate: Solutions are slippery to the touch and may result in a burning sensation at the location of the contact. Addition of solutions more concentrated than 0.1M NaOH to acidic solutions should be done slowly to avoid rapid evolution of heat and carbon dioxide which may cause splattering of the solution.
Sulfuric acid: Handle solutions more concentrated than 1M H2S04 in an exhaust hood
RC-Ra(WP)/METHODS
RC-Ra-5 or in a manner to avoid inhalation of SO, vapors. Vapors from sulfuric acid generally appear as white aerosol clouds. Contact with the skin results in a burning sensation and a blacMbrown discoloration of the skin at the location of the contact. Sulfuric acid is hygroscopic and absorbs water quickly, so any drops of solution in the vicinity of work with sulfuric acid may be an indication of a sulfuric acid spill.
Consult MSDS sheets before using any materials. Consult DWI SC-F for further safety related information. Report all accidents to managers or their designated alternates.
APPARATUS AND EOUIPMENT 1. Beakers, borosilicate glass, 250 mL.
2.
Liquid scintillation counter -A system permitting spectral analysis as well as particle differentiation is recommended.
3.
Mixer, vortex, variable speed.
4.

5.
6.
7.
8.
9.
10.
11.
pH paper -Range 1 to 12.
Pipets -1 mL and 5 mL mechanical pipetters.
Scintillation cocktail dispenser -Adjustable to deliver 10 mL.
Scintillation vials -20 mL glass vials with Teflon@ lined caps.
Thermometer -Range 0 to 100°C, metal, factory calibration is adequate.
Tubes, centrifuge, borosilicate glass, 50 mL.
Tubes, centrifuge, plastic, 50 mL.
Wash bottles, 500 mL, or equivalent.
REAGENTS
1. Barium Tracer -a solution containing 1000 to 3000 dpm of barium-133 per gram of 2.
3.
4.
5.
7.
9.
solution.
Cocktail -A high efficiency, commercially available, non-hazardous, ready-to-use mineral oil cocktail containing scintillators which is immiscible in water.
Hydrochloric acid, 12 M -ACS Reagent grade.
Hydrochloric acid, 1 M.
Hydrochloric acid, 0.1 M.
Radium Solutions -Bench standards and controls are required for calibration and check standards. These solutions are prepared per RP-Std. The 226Ra content or the 228Ra content or both must be traceable to NIST.
Sodium Carbonate -ACS Reagent grade.
Sodium Carbonate -Saturated solution in water prepared by adding 25 g to 100 ml
water; decant solution as it is needed. NOTE: An 18 mg/mL barium carrier may be substituted for strontium carrier with the approval of the manager or designated alternate.
10. Sulfuric acid, 6.0 M.
11. Water -Demineralized or deionized water or the equivalent.
DETAILED WORK INSTRUCTIONS
General Instructions 1. Record data for each sample on an individual "Determination of Radium, Work Sheet" which is illustrated in Figure 1 .
Photocopy these forms as necessary.
Consult your manager or designated
alternate regarding non-routine samples.
.
Measure out a suitable sample aliquot into a beaker.
6.
Record the aliquot size.
7.
Acidify using 10 & 
Barium Tracer Preparation.
Cleanup.
A usual aliquot will have a volume of 1-2 L. The aliquot size of non-routine samples may vary.
The resultant pH should be I 1 and may be checked with pH paper. 8.
9.
10.
11.
12.
Add =r 1 mL Barium Tracer.
Record the mass added to the nearest 0.2 mg.
Evaporate to reduce the volume to 200 mL or less, if necessary.
Transfer the sample to a 250 mL beaker, if necessary.
Proceed to
Step 2 1. 32. Heat to 60-90 "C on a hot plate.
RC-Ra-10
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The actions described should result in a solution containing (0.6 which precipitate formation will be excellent.
0.1) M HC1 in
The temperature may be checked using the thermometer.
Non-routine samples may require changes in volume or type of carrier. A total of =2 g Na2C03 will be added of the course of 1 h.
Use of a vortex mixer facilitates swirling the precipitate.
Solid Na2C03 should be visible at the end of this heating step.
Radium, barium, and strontium are in the precipitate as carbonates.
Use of a vortex mixer facilitates washing the precipitate. Washing removes excess sulfate which could otherwise form a precipitate upon acidification. 
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RC-Ra-13 67.
68.
69.
70.
71.
72.
73.
Transfer solution to an LSC vial.
Rinse all surfaces of the centrifuge tube using 5.00 k 0.05 mL 0.1 M HC1.
Transfer rinse solution to the same LSC vial.
Add 10 mL LSC cocktail to the LSC vial.
Cap tightly with a Teflon" lined lid.
Do not shake the mixture.
Record the time on the worksheet. 
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RC-Ra-15
Longer grow-in is acceptable if customer deadlines can be met. 
95.
96.
97.
98.
Obtain a solution of radium-226 in hydrochloric acid which is traceable to NIST. 102 Set the optimal window as follows: the upper limit is located where the activity in the large peaks returns substan-tially to baseline; the lower limit is the same distance below the alpha peak maximum as the upper boundary is above it.
103 This window will be used for subsequent calibration and analysis with the peak maximum identified on a bench standard or control for each set of vials.
Barium Tracer Preparation
104 Obtain an aliquot of 133Ba solution.
105 Submit the solution for gamma analysis if the concentration is not know.
Shaking disturbs the equilibria.
This information is needed to calculate the grow-in correction.
Manufacturer's instructions should be followed. The region of greatest alpha activity will be obvious as evidenced by three large, overlapping peaks at the high end of the energy spectrum. The calibration factor should be at least 6 cpm/pCi with a background not exceeding 10 cpm. A typical width is 200 Kev. Wash all glassware using a mild detergent and a non-metallic brush.
Rinse all glassware with water.
Air dry all glassware protected from dust.
RC-Ra-18
Revision 0
This geometry should match that of the samples.
Results determine the cornparitor activity which will be used to calculate radium chemical yields.
Do not scratch beakers used for the sulfate precipitation as crystal formation and growth may be adversely affected.
RC-Ra-20
Revision 0 CALCULATIONS A calculational program is available on several desk top computers within the department.
Consult your manager or designated alternate for the location of copies.
Instrument Calculations
The counting results for the samples shows which counting system was used to measure the set of vials. (Cf. Figures 2, 3 , and 4.) Based on that entry, proceed to either Section A, B, or C below, then to Section D:
A. Network Alpha and Gamma Acquisition and Analysis System
The Network Alpha and Gamma Acquisition and Analysis System (NETSPEC) provides quantitative determinations of radioisotopes in submitted samples. Important quantities are the year (l), month (2), day (3), hour (4), and minute (5) the analysis began. Also printed are the nuclide (6), the units (7), the activity (8), the total uncertainty (9) and the minimum detectable level, MDL, if determined (10). These ten items are needed to calculate the results of determinations. Consult Figure 2 for a typical printout.
B. Wallac NSI, Model 1400 DSA
The liquid scintillation counter is to be set up and operated according to the manufacturer's instruction. Those instructions plus the instructions in this DWI (Steps 74-80 and 101-103) will permit setting of a protocol containing a window to be used for counting the samples, blanks, and controls for radium-226 progeny. The instrument will differentiate the beta counts from the alpha counts so that the selected window will state only the alpha counts (1). The printout also will state the duration of each count (2) and the clock time when the first count of the three counts on each sample began (3). The duration in seconds must be converted to minutes. These three items are needed to calculate the results of the determinations. Consult Figure 3 for a typical printout.
C. Beckman Model LS 6500
The liquid scintillation counter is to be set up and operated according to the manufacturer's instruction. Those instructions plus the instructions in this DWI (Steps 74-80 and 101-103) will permit setting of a protocol containing a window to be used for counting the samples, blanks, and controls for radium-226 progeny. The instrument will differentiate the beta counts from the alpha counts so that the selected window states only the alpha count rate (1). The printout also will state the duration of each count in minutes (2), the clock time when the first sample began counting (3), and the elapsed time since the first count began until the beginning of the first of the three counts of each vial (4). These four items ate needed to calculate the results of the determinations.
Consult Figure 4 for a typical printout.
D. Personal Calculations:
The quantities defined below are necessary in calculations of the quantity of n6Ra and 228Ra present in the samples and standards:
Use Equation 1 below to calculate the volume, V, of each sample:
(1) The relative uncertainty corresponding to one standard deviation of the calculated activity for radium-226.
A l i q u o t A n a l y z e d , * I n i t i a l
The relative uncertainty of the counts of the 226Ra sample calculated from the square root of the gross counts divided by the gross counts.
The relative uncertainty of the counts of the 226Ra blank calculated from the square root of the gross counts divided by the gross counts.
The relative uncertainty in the standard.
The relative uncertainty in the yield of the 133Ba is set at 11.2%. It is derived from the total error in each determination of '33Ba and each propagated total uncertainty to give an overall uncertainty. The uncertainty of each determination consists of about 1 % random uncertainty and 7 % systematic uncertainty.
The relative uncertainty in the decay factors and the ingrowth corrections.
The relative uncertainty of the initial sample volume measurement and dilutions and transfers.
This value is set at 5% due to the number of sample transfer steps.
The relative uncertainty in the counting statistics as referenced to the current background value. As the sample count rate approaches background, the error increases exponentially. When the sample count rate is approximately three times the one sigma value of the background, this term becomes insignificant. It is calculated using:
---
T T
The absolute uncertainty is calculated by multiplying the relative uncertainty by the calculated activity.
The sample detection limit is calculated from the equation: P r e p a r a t i o n Information Sample Preconcentation: mL c o n c e n t r a t e d t o mL.
Amount of sample o r c o n c e n t r a t e used f o r a n a l y s i s : I n t e r i m sample c o n t a i n e r I D :
m L or g.
Mass of Barium T r a c e r added:
gVolume of C a r r i e r added: RC-Ra-27 
